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GEOTHERMAL INVESTIGATIONS IN IDAHO
PART IV

ISOTOPIC AND GEOCHEMICAL ANALYSES OF WATER 
FROM THE BRUNEAU-GRAND VIEW AND WEISER AREAS,

SOUTHWEST IDAHO

By C. T. Rightmire, H. W. Young, and R. L. Whitehead

ABSTRACT

Variations of deuterium and oxygen-18 concentrations in 

thermal ground waters and local nonthermal springs have been 

used to aid in describing the source of recharge in the 

Bruneau-Grand View and Weiser areas, southwest Idaho.

Isotope and geochemical data for the Bruneau-Grand View 

area suggest that recharge to the area may not be entirely 

from sources within the local surface-drainage area, but 

possibly from the areas of higher altitude of the Bruneau 

River drainage to the southeast; or that the hot water that 

wells and springs are discharging is water that was re 

charged at a time when the regional climate was much colder 

than the present climate. Recharge to the Weiser area is 

probably from areas of higher altitude to the north and 

northeast of the local drainage area. However, "local" 

precipitation does influence both the chemical and isotopic 

compositions of the waters in each area.



INTRODUCTION

The Bruneau-Grand View and Weiser areas (fig. 1) were 

recommended for geothermal investigation by Young and 

Mitchell (1973). Subsequently, studies of the geothermal 

potential of those areas were made by the U.S. Geological 

Survey in cooperation with the Idaho Department of Water 

Resources (Young and Whitehead, 1975 and 1975b).

In conjunction with the above studies, water samples 

were collected for analyses of D (deuterium) and 18 0 (oxy- 

gen-18), which, it was believed, could aid in understanding 

the.hydrology of the two areas. Isotope analyses were 

incomplete at the time of publication of the above reports. 

This report contains the isotope and related chemical data 

for the Bruneau-Grand View and Weiser areas and summarizes 

the analyses of those data.

The isotope data presented in this report are sparse 

and do not represent the entire ground-water flow system of 

each area, and, therefore, must be considered to be of a 

reconnaissance level. Additional isotope samples might 

provide further clues to help in describing the ground-water 

flow system of each area.
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Conversion Factors

The International System of Units (SI) is being adopted 

for use in reports prepared by the U.S. Geological Survey. 

To assist readers of this report in understanding and adapt 

ing to the new system, feet and inches are given in both 

units. To convert feet to metres, multiply ft (feet) by 

0.3048 to obtain m (metres); and multiply in (inches) by 

25.4 to obtain mm (millimetres). To convert acres to square 

kilometres, multiply acres by 4.047 x 10~ 3 to obtain km2 

(square kilometres). Chemical data for concentrations are 

given only in mg/1 (milligrams per litre) or yg/1 (micro- 

grams per litre) because these values (within the.range of 

values presented) are numerically equal to equivalent values 

expressed in parts per million, or parts per billion, re 

spectively. The following table shows ihe relation between 

°C (Celsius) and °F (Fahrenheit).

TEMPERATURE-CONVERSION TABLE

7.0
8.0
9.0

10
11
12
13
14
15
16

44.6
46.4
48.2
50.0
51.8
53.6
55.4
57.2
59.0
6-0.8

17
18
19
20
21
22
23
24
25
2.6

62.6
64.4
66.2
68.0
69.8
71.6
73.4
75.2
77.0
78.8

27
28
29
30
32
34
36

. 38
40
45

80.6
82.4
84.2
86.0
89.6
93.2
96.8

100
104
113

50
55
60
65
70
75
80
85
90
95

122
131
140
149
158
167
176
185
194
203



Well" and Spring-Numbering System

The numbering system used by the Geological Survey in 

Idaho indicates the location of wells or springs within the 

official rectangular subdivision of the public lands, with 

reference to the Boise base line and meridian. The first 

two segments of the number designate the township and range. 

The third segment gives the section number, followed by 

three letters and a numeral, which indicate the quarter 

section, the 40-acre (0.16 km2 ) tract, the 10-acre (0.04 

km2 ) tract, and the serial number of the well within the 

tract, respectively. Quarter sections are lettered a, b, c, 

and d in counterclockwise order from the northeast quarter 

of each section (fig. 2). Within the quarter sections, 40- 

acre (0.16 km2 ) and 10-acre (0.04 km2 ) tracts are lettered 

in the same manner. Well 6S-3E-2cccl is in the SWfcSW^SW%, 

sec. 2, T. 6 S., R. 3 E., and was the first well inventoried 

in that tract. Springs are designated by the letter "S" 

following the last numeral, as in 8S-6E-3bddlS.

11
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ISOTOPE ANALYSES

Isotope analysis of ground water can yield valuable 

information about its source, age, and environment. Iso 

topes, which are atomic species of the same chemical ele 

ment, can be classified as stable or unstable (radioactive) 

Stable isotopes are those which do not undergo radioactive 

decay, whereas unstable isotopes are radioactive and decay 

by known sequences to stable isotopes of elements of lower 

atomic mass.

Hydrogen and oxygen each have naturally occurring 

stable isotopes. Stable hydrogen exists as hydrogen, *H, 

and deuterium, D or 2H. Oxygen exists as three stable 

isotopes, 16 O, 17 O, and 18 0. A water molecule may be com 

posed of any combination of these stable isotopes plus 

.tritium, 3H, which is a short half-life, (about 12.5 years) 

radioactive hydrogen isotope. SMOW (Standard Mean Ocean 

Water) is composed of 99.726 percent H 2 16 O, 0.200 percent 

H2 18 O, 0.042 percent H 2 17 O, and 0.031 percent HD 16 O. All 

the other possible isotope combinations compose the re 

maining 0.001 percent (Craig, 1961a).

13



Stable isotopic variations are usually expressed in 

delta units (6) defined as

6 =

where ,

 5 ample - standard

^standard
x 1,000

6 = reporting unit in o/oo (parts per mil),

"sample = ratio of isotopic concentration ( 18 0/ 16 O, 
D/H, for example) of the sample, and

>
"standard = ratio of isotopic concentration of the 

standard (in this report, SMOW).

Reported values of D and 18 0 are considered accurate 

within ranges of ±1.5 o/oo and ±0.1 o/oo, respectively.

14



As water evaporates from the ocean, moves through the 

atmosphere, and condenses to form precipitation, the per 

centage of each isotopic species (molecule) changes due to 

fractionation (a process similar to that employed in re 

fining petroleum). Because of slightly different physical 

properties, each species evaporates, condenses, or freezes 

at a different rate for a given temperature and pressure. 

The result of this differential evaporation, condensation, 

or freezing is that isotopic composition of precipitation 

differs from that of the water body from which it origin 

ated. In addition to the simple processes of evaporation, 

condensation, and freezing, such factors as number of times 

reevaporation occurs (related to distance from source), 

temperature and pressure at which the various processes 

occur (related to altitude and latitude of source), in 

tensity of the storm in which precipitation falls, and 

amount of particulate matter in the air can also affect the 

resultant isotopic composition of the precipitation. De 

spite all the various factors involved, the mean isotopic 

composition of precipitation in a given area will have an 

identifiable character representative of the environmental 

conditions of that area, and, hence, serves as an identifier 

for the local meteoric water.

15



Worldwide analyses of precipitation have established 

that a relation exists between 6D and 6 18 0. When 6D is 

plotted against 6 18 0 f almost all analyses of precipitation 

cluster about a line (the meteoric line) defined by 

6D = 86 18 0 + 10 o/oo

(Craig, 1961b). See figure 6 for plot of meteoric line.>

While the slope of eight is usually consistent for meteoric 

waters, the intercept may vary significantly, depending on 

"local" precipitation conditions.

Exceptions to this relation are generally due to such 

factors as precipitation originating from sources other than 

the ocean. In closed basins, for example, precipitation 

originating from lakes or inland seas that have different 

isotopic composition than ocean water may not plot on the 

meteoric line.

16



After entering the ground-water system, water usually 

conserves its original meteoric isotopic composition. 

However, several factors that can cause the 6D or 6 18 0 con 

centrations of ground waters to differ from "local" meteoric 

water include: (1) recharge to the aquifer from areas of a 

differing altitude and latitude; (2) recharge from a body of 

surface water that has been partially evaporated; (3) re 

charge that occurred at an earlier time when local or world 

wide climate was different; (4) mixing with other sources of 

water, such as brines or magmatic water; and (5) interaction 

with aquifer materials.

These factors all have a definite, predictable effect 

on a 6D-6 18 0 plot. If only one of these factors affects the 

isotopic composition of the ground water, the reason for 

variation may be evident. However, it is probable that 

several factors contribute to the total isotopic composition 

of a ground-water sample. When possible, chemical and 

hydrologic data should be combined with isotopic data to 

permit the most complete interpretation of the system of 

interest.

17



A brief description of how each of the above factors 

could affect the D and * 8O content may be helpful: (1) if 

recharge occurs from a nonlocal source, the D and 18 O values 

for ground water will plot on or near the meteoric line but 

will be displaced upslope or downslope from the local 

meteoric water; (2) ground water recharged from a water body 

where evaporation has occurred may be enriched in D and 1 8 O 

and will plot to the right of the meteoric line; (3) ground 

water that was recharged at some earlier time (the Pleis 

tocene ice ages, for example) will have 50 and <$ 18 O values 

quite different from present-day meteoric water, for known 

examples of paleowater or fossil water often are depleted in 

both D and l 8 O (Gat, 1971); (4) mixing with other sources of 

water might be expected if plots of ground-water samples 

have a definite trend toward some point off the meteoric 

line. By comparing the chemistry of the ground water and 

the body of water with which it is suspected to be mixing, a 

clue to the degree of mixing may be found; (5) interaction 

with the aquifer material may result in enrichment of 18 O 

with little change occurring in the D content. The degree 

of interaction (and therefore the degree of i*O enrichment) 

is dependent on the isotope difference between the recharge 

water and the rock materials, the ratio of the amount of 

water to the amount of rock, and the length of time the 

water is in contact with the rock. Porosity of the aquifer

18



directly affects the interaction. This process is greatly 

increased at high temperatures and is frequently observed in 

geothermal areas (Craig, 1963).

A plot of 6D against 6 18 0 for ground-water samples can 

thus yield valuable information about the ground-water 

system. If the data do not plot near data from known local 

meteoric sources, such as shallow wells or nonthermal 

springs, one or more of the above factors may have caused 

the discrepancy. Analysis of the variation together with 

other data may reveal the source, suggest the age, or aid in 

explaining the history of movement of the sample.

Deuterium and 18 O compositions have been used to study 

components of the hydrologic cycle by Friedman and others 

(1964), Dansgaard (1964), Friedman and Smith (1970), and 

others. Gat (1971) discussed the application of stable 

isotope techniques to studies of regional ground-water 

systems. Deuterium has been used as a tracer in determining 

regional ground-water flow in southern Nevada by Winograd 

and Friedman (1972).

19



BRUNEAU-GRAND VIEW AREA

The Bruneau-Grand View area is in the western Snake 

River Plain of southwestern Idaho. Figure 3 shows the three 

principal physical subdivisions of the area: (1) the Snake 

River valley, ranging in altitude from about 2,300 to 3,000 

ft (700 to 900 m); (2) the plateau area, ranging in altitude 

from about 3,000 to 7,000 ft (900 to 2,130 m); and (3) part 

of the Owyhee uplift, in which altitudes range from about 

3,000 to 8,400 ft (900 to 2,560 m).

The general lithology of this area (fig. 4) is as 

follows: granitic rocks of Cretaceous age, rhyolitic rocks 

of Miocene (?) age, Idavada Volcanics (silicic volcanic rocks 

of Pliocene age), and the 'Idaho Group of Pliocene and 

Pleistocene age. The Idaho Group contains chiefly sedi 

mentary rocks of lacustrine and fluvial origin, but also 

includes some interbedded basaltic volcanic rocks, one of 

which is the Banbury Basalt. Deposits of alluvium of Pleis 

tocene and Holocene age cover the older rocks at many places 

in the lowlands and valleys.

The aquifers have been classified into two groups by 

Young and Whitehead (1975a): (1) the volcanic-rock aqui 

fers, which include the older rhyolites, Idavada Volcanics, 

and the Banbury Basalt; and (2) the sedimentary-rock aqui 

fers, composed primarily of the sedimentary rocks of the 

Idaho Group. (Refer to table 1 for a description of each 

unit.)

20



EXPLANATION

O Well and number 

Spring and number

Well and number for which 
I9cccl hydrograph is shown

Approximate land surface 
altitude, in feet above 
mean sea level 

Multiply feet by 0.3046 
to convert to metres

Inferred direction of
.ground-water movement

Boundary of the 
Bruneau-Grand View area \

42°

8000* 115° 
X 7000j

8400

10 20

10 20 40 Kilometres

Base from U.S. Geological Survey 
t:t,000,000 maps

Figure 3. Map showing the generalized topographic drainage 
basin and location of wells and springs for the 

Bruneau-Grand View area. 
*U



The climate of the area is semiarid, with precipitation 

averaging less than 10 in (254 mm) per year in the Snake 

River valley. Some areas to the south and southwest receive 

precipitation of up to 30 in (760 mm) per year. Comparison 

of this area with areas to the north, also in the Snake 

River surface-water drainage basin, where annual preci 

pitation is commonly above 30 in (760 mm), shows the po 

tential recharge on the southern side of the valley to be 

minor (Mundorff, Crosthwaite, and Kilburn, 1964).

Recharge to the two principal aquifer systems in the 

Bruneau-Grand View area is believed to be from the same 

source, but by different means. Precipitation, chiefly in 

the form 6f snow, on the higher altitudes to the south and 

southwest provides recharge to both aquifers. However, 

recharge to the sedimentary-rock aquifers is chiefly from 

vertical movement of water from the underlying volcanic-rock 

aquifers.

The Snake River Plain is generally believed to be a 

faulted graben in which many faults and fractures permit 

waters to migrate across stratigraphic boundaries (fig. 4).
 

In addition to natural mixing of waters, many wells are open 

to both the volcanic- and sedimentary-rock aquifers, making 

sampling of any one particular aquifer extremely difficult 

and the interpretation of the data derived from such wells 

questionable.
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Geochemistry of the Bruneau-Grand View Area Ground Waters

A total of 19 springs and wells were sampled in the 

Bruneau-Grand View area (fig 3) in an attempt to determine 

the isotopic and geochemical relations of the waters. Three 

nonthermal springs were sampled near the topographic drain 

age boundary of the study area to determine the isotopic \

composition of local meteoric water. The isotopic com 

position of the nonthermal springs is assumed to be repre 

sentative of the precipitation in the assumed principal 

recharge area.

The 19 wells and springs were sampled for isotopic 

analysis at the same time that a larger sampling was con 

ducted (Young and Whitehead, 1975a). The chemical analyses 

for these wells and springs are shown in table 2.
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The data, plotted on a trilinear diagram (fig. 5), show 

that water from two of the three nonthermal springs is 

calcium bicarbonate type water. The third nonthermal spring

discharges a calcium sodium bicarbonate water. The re-
r

mainder of the water samples are sodium bicarbonate type 

water. Two distinct groupings of the sodium bicarbonate 

water are shown in figure 5. Samples 4, 6, 13, and 15 are 

clustered in the extreme sodium bicarbonate region, whereas 

the remainder of the samples contain higher percentages of 

chloride and sulfate. Available lithologic information 

suggests that samples 4, 6, 13, and 15 were obtained prin 

cipally from sedimentary-rock aquifers. The bicarbonate 

concentrations in these samples are higher, and the surface 

temperatures are lower than those in the remaining samples.
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Isotopic Geochemistry of the Bruneau-Grand View Area

Ground Waters

Comparison of the isotopic composition of the Bruneau- 

Grand View water and other major geothermal systems of the 

world is shown in figure 6. As illustrated in figure 6, 

waters of these known major geothermal systems are dom- 

inantly meteoric in origin, with 6D values similar to those 

of the "local" recharge water but with 18 0 values signifi 

cantly enriched relative to the local recharge water. This 

enrichment probably results from isotope-exchange reactions 

with aquifer materials. However, the thermal water in the 

Bruneau-Grand View area apparently differs significantly 

from nonthermal waters in both the 6D and 6 18 0 values. The 

Bruneau-Grand View area is relatively large,, compared to 

other geothermal systems, which might account for the varia 

tion. However, the significant depletion of 6D and the 

apparent depletion in 6 ltt O is not consistent with isotope 

exchange and suggests that other factors may be involved.

The range of 6D values for the Bruneau-Grand View ther 

mal waters is from -135 to -156 o/oo (table 3 and fig. 7). 

The range of 6 ltt O values with one exception, (sample 15, 

6 1B 0 = -15.0^ is from -17.0 to -18.2 o/oo. The majority of 

the samples cluster in a region bounded by 6D values be 

tween -142 and -146 o/oo, and 6 1B 0 values between -17.0 

and -18.2 o/oo. Samples 11, 14, and 19, which, on the basis
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of well construction, hydrology, and geologic data, appear 

to have derived water from the Banbury Basalt, are the 

samples most depleted in D, with 6D ranging from -150 to 

-156 o/oo.

The majority of the Bruneau-Grand View waters fall near 

or slightly to the right of the nonthermal samples, which 

are themselves slightly to the right of the worldwide meteor 

ic line (fig. 7). A line with a slope of 8 through the 

average of the nonthermal springs has an intercept of 3 

o/oo." This deviation from the worldwide precipitation line 

for the nonthermal samples indicates the possibility of 

slight evaporation prior to recharge, which may be expected 

in arid or semiarid regions such as this. Examination of 

figure 7 shows possible oxygen-isotope exchange in the 

thermal water due to elevated temperatures. The 6 ltf O shifts 

range from -0.40 (sample 16) to +2.25 o/oo (sample 15) from 

the "local" precipitation line with the equation D = 

8 6 lb O + 3 o/oo. Assuming that the waters have been exposed 

to the same aquifer materials, oxygen-isotope shifts suggest 

that samples 11, 14, 15, and 19 have been exposed to the 

highest subsurface temperatures. The 6 1B 0 deviation of 

those samples from the meteoric waterline ranges from 1.60 

to 2.25 o/oo.
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Figure 7. Isotope variations in water from selected wells 
and springs in the Bruneau-Grand View area and relation to

meteoric water.



The position of the "local" precipitation samples in 

relation to the majority of the thermal ground-water samples 

as shown on figure 7 suggest that the thermal ground water 

was not wholly derived from current "local" precipitation 

within the local topographic drainage of the study area from 

which the samples were collected (fig. 3). The isotopic 

values of most of the sampled thermal water exhibit sig 

nificant depletion in D and an apparent depletion in L *Q 

relative to recent "local" precipitation indicating that the 

water fell as precipitation in an environment that was 

different from the current local one. This different 

environment could represent recharge from the higher al 

titude of the Bruneau River drainage area southeast of the 

study area, or at some previous time when the climate was 

significantly colder than the present-day climate.

34



Regardless of the recharge source, hydrologic data 

shown in figure 8 indicate that in parts of the area, water 

levels in some wells show a steady decline since 1953. The 

downward trend probably results from pumping ground water 

for irrigation at a faster rate than it can be replaced. 

Seasonal fluctuations in the hydrographs (fig. 8) represent 

ing local recharge do occur. These seasonal fluctuations 

indicate that local surface-water drainage does contribute 

some water to the aquifers in the Bruneau-Grand View area.

The declining water levels and the "nonlocal" nature 

of water samples collected suggests that current recharge is 

not sufficient to replace ground water extracted by wells in 

the areas affected by the declining water levels'. Together 

with the isotope data, the declining water levels strongly 

suggest that recharge to the system may have occurred over 

a considerable timespan. Present-day extractions may be 

water that accumulated over a long period of time.

35



oo 
i
i

D- tr 
(D en
W HI 
H O

(D 3
pi (D 
C t-> 

I I 1 
O CO 
X 
P (7k
3 cn 
a i u>
< M 
H- I 
(D »- 
«?
P3 O
H «T 
ffi M 
03

CO 
I 

Ut

vo
O 
O 
Q

BELOW (-) LAND SURFACE
i 

0101 ro .
O o o o o

iii 
o> * ro
o o oo o

f 5
I S

O
3
</» 01

<O
^

c*
<o

Till
T» 
it

- T»
C

3  o

Ol
m

o
-«! O 
O> ~ 

O

I

Z
M

3 
« 
O -%
or

- TJ
C

3  o

I I

I I I 
(i TM w OT ^ QB f\J *" w'

WATER LEVEL', IN METRES ABOVE (+) Oft 
BELOW (-) LAND SURFACE



WEISER AREA

The Weiser area is in the extreme northwestern part of 

the Snake River Plain in southwestern Idaho (fig. 9). It is 

at the southern end of a system of northwest-trending 

eroded anticlines. The system of anticlines dips towards 

the Plain and terminates abruptly at the northern margin of 

the Plain at an altitude of about 2,200 ft (670 m) .

Two separate areas were studied in the Weiser area: 

The Weiser Hot Springs subarea to the west and the Crane 

Creek subarea to the east (fig. 9). The Weiser Hot Springs 

subarea is along the northern margin of the Snake River 

Plain, and the Crane Creek subarea. is along the crest of an 

.anticline.



1 W

3695
EXPLANATION

X Approximate land surface 
altitude, in feet above 
mean sea level 

Multiply feet by 0.3048 

to convert to metres

22   Thermal well and number 
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Approximate direction of 
ground  water movement in 
the Columbia River 
Basalt Group

[/ / Weiser study area
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Base from U. S. Geological Survey, Idaho 1966
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Figure 9. Map showing the generalized topographic drainage basin
for the Weiser area. ***



In succession, the lithology of the Weiser area con 

sists of volcanic and interbedded sedimentary rocks of 

Permian and Triassic age and granitic rocks of Cretaceous 

age, which underlie volcanic rocks of the Columbia River 

Basalt Group of Miocene and Pliocene age. The Columbia 

River Basalt Group occurs both below and above sedimentary 

rocks of the Payette Formation. Sedimentary rocks of the 

Idaho Group of Pliocene and Pleistocene age overlie the 

Columbia River Basalt Group and Payette Formation. Alluvium 

and colluvium of Pleistocene and Holocene age generally 

overlie the older rocks in the lowlands and valleys. Refer 

to table 4 for a description of each water-bearing unit.

Precipitation in the mountainous regions to the north 

and northeast of the area (fig. 9) is believed to furnish 

recharge to the area's aquifers. The Columbia River Basalt 

Group is believed to transmit water from the catchment areas 

to the lowlands.
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Geochemistry of the Weiser Area Ground Waters

Five springs and one well were selected for isotopic 

analyses in the Weiser area (fig. 9) to determine the 

isotopic and chemical relations of the ground waters. The 

chemical analyses of these springs and the well are given in 

table 5.

Two nonthermal springs were sampled (samples 20 and 21) 

as in the Bruneau-Grand View area, to provide background 

information for precipitation in the local area. The temp 

erature of these springs was 13.5 and 15.0° C, respectively. 

The dissolved solids for both springs is approximately 200 

mg/1, with silica concentrations of approximately 50 mg/1.

A trilinear diagram (fig. 10) illustrates the chemistry 

of the thermal and nonthermal waters. The nonthermal water 

in the Weiser Hot Springs subarea (sample 20) is calcium 

sodium bicarbonate water, and sample 21 from the Crane Creek 

subarea is calcium bicarbonate water. The thermal waters 

from both subareas are grouped in the sodium sulfate chlor 

ide region of the diagram. However, the dissolved solids of 

the Crane Creek samples (23, 24, and 25) are double that of 

the Weiser Hot Springs sample (22). The silica concentration 

in the thermal waters ranges from 130 to 180 mg/1.
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Samples were collected from two vents of the Crane

Creek hot springs complex. The surface temperature at the 

time of sampling for these two samples differed by 15° C 

(77° C for sample 24 and 92° C for sample 23.) . For all 

practical purposes, the remainder of the chemistry, with the 

exception of pH, nitrite and nitrate, and phosphorous, is 

identical.



Isotopic Geochemistry of the Weiser Area Ground Waters

The isotopic composition of the thermal water in the 

Weiser area (fig. 11) is significantly different from the 

"local" precipitation (nonthermal springs). The 6 1B 0 ranges 

from -12.3 (sample 25) to -14.6 o/oo (sample 24, table 6). 

The 6D for these springs and well ranges from -138 (sample 

25) to -150 o/oo (sample 23). The "local" precipitation 

(samples 21 and 20) have 6 lb C values of -15.1 and -16.1 o/oo 

and 6D values of -120 and -128 o/oo f respectively. Figure 

11 shows a line through samples 20 and 21 which has a slope 

of 8 and an intercept of +0.8: D = 8 6 1B 0 + 0.8 o/oo. 

Such a trend could be expected for recharging waters in a 

semiarid region. The thermal waters are depleted in D by 

more than 10 o/oo f but enriched in lb O as much as +2.85 o/oo 

relative to nonthermal waters in the area.

45



-120

-130

o 
to

-140

-150

-155

6D-86 I80-HO%0 

Meteoric Waters

60 = 8 6 I8 0+0.8 %0 meteroic 
water assuming some evaporation 
prior to recharge

O Thermal

Nonther ma I 

20 Reference number

Accuracy band 
±1.5 %o for 6D and 

±0.1 % 0 I80 (not shown)

25

22

b and I0 0 values are in parts per mil (%o) 
relative to standard mean ocean water (SMOW)

-20 -18 -16 

6I8 0 (%0)

-14 -12
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The oxygen shift can be accounted for by isotope ex 

change between water and the aquifer material at elevated 

temperatures, but the depletion of D must be explained by 

another method. Since, in most natural aquifer systems, 

it is difficult to find a source of hydrogen to exchange 

with the hydrogen in the water, it must be assumed that the 

deuterium content of the samples is approximately equal to 

that of the recharging water. Therefore, the deuterium 

depletion relative to "local" precipitation indicates either 

a nonlocal source of recharge from higher altitude and/or 

colder climate, or recharge at some time in the past under a. 

colder regional climate.

Assuming that the waters have been exposed to the same 

aquifer material, we can postulate on the basis of the 

oxygen-isotope data, that sample 22 has been exposed to the 

highest temperatures, followed closely by sample 25. Samples 

23 and 24 show a much less pronounced shift. It is impos 

sible to attempt quantitative determinations on the basis of 

the oxygen shifts, as the hydrology, and, therefore, the 

aquifer material, are at present poorly known.



SUMMARY AND COMPARISON OF ISOTOPIC GEOCHEMISTRY 

OF BRUNEAU-GRAND VIEW AND WEISER AREA GROUND WATERS

Comparison of the high-altitude nonthermal spring 

samples from the mountains surrounding the Bruneau-Grand 

View area with the ground waters beneath the Snake River 

Plain in this region show that the deep ground waters are 

more depleted in deuterium than the nonthermal high-altitude 

springs. This indicates that the recharge water had a 

colder source from either (1) an area of higher altitude 

southeast of the local region in the Bruneau River drainage, 

or (2) the prevalence of a colder regional climate at some 

time in the not-to-distant past. A similar comparison in 

volving the waters in the Weiser area yields the same con 

clusions. Recharge to the Weiser area hot springs system is 

possibly from areas of higher altitude and colder tempera 

tures to the north and northeast of the study area.

As the deuterium contents of the waters from the two 

areas are within the same range, it seems that the systems 

were recharged with similar waters. If the rock type and 

the effective porosity (surface area) of the aquifers for 

the two areas are similar, then it appears on the basis of 

the oxygen shift, that the Weiser area waters have attained 

much higher subsurface temperatures than the waters of the 

Bruneau-Grand View area.



On the basis of the isotopic analyses conducted on 

these waters, current precipitation on the adjacent uplands 

is not the only contributor to the thermal ground waters in 

either area. There is, however, evidence that current 

precipitation does influence both the chemical and isotopic 

composition of these waters.
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